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ABSTRACT 
This study aims to further research in the field of video 
games by examining flow during individual and co-
operative gameplay. Using a puzzle game called Droppit, 
we examined differences in flow based on two modes of 
play: single player vs. co-operative gameplay. Co-operative 
gameplay was found to induce greater flow in participants 
than single player gameplay. Additionally, co-operative 
gameplay participants had increased feelings of Challenge-
Skill Balance, Unambiguous Feedback, Transformation of 
Time and Autotelic Experience. Our findings suggest that 
co-operative gameplay, involving puzzle-based problems, 
may result in increased flow during video game play. 
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INTRODUCTION 
Previous research has shown that playing video games 
socially, is often accompanied with positive feelings of 
relatedness as well as emotional, psychological, social and 
total wellbeing [18, 21]. Social gameplay, both co-operative 
and competitive, is often conducive to social interaction [2, 
4, 16] and has been  to promote feelings of social 
presence, engagement and fun [13]. Relatedly, flow, a 
holistic sensation experienced by people when skill matches 
challenge, has also been found to enhance feelings of 
enjoyment and pleasure [3]. 
Previous research however has found varying results 
regarding flow during social gameplay. While some studies 
have found diminished flow in social play [11], others have 
found evidence of increased flow [7, 8, 22]. Reductions in 
flow in the context of social play may be due to several 
factors, including loss of concentration while playing with 
or against humans, the unpredictability of people compared 
to agents (AI), the increased level of information processing 
while playing with or against human teammates/opponents 
(i.e., evaluating the player’s next move) and the fact that 
player’s exhibit a higher level of conscientiousness during 
social gameplay, a factor associated with diminished flow 
[11]. In contrast, in the context of social play, 
improvements in flow may result from increased social 
involvement, for example in-game discussions. The 
presence of others may not necessarily prevent players from 
experiencing flow [7]. 
Prior studies either addressed competitive play [7, 8, 22] or 
did not distinguish between co-operative and competitive 
gameplay [11]. Thus, it is not possible to know whether the 
contrasting results, with respect to social play and flow, 
differ as a function of the type of social play being 
experienced. Moreover, there is limited research exploring 
the impact of co-operative play on flow. 
Using a puzzle game called Droppit, the current study aims 
to further research in the field of video games and flow 
during individual and co-operative gameplay. More 
specifically, this research hopes to determine differences in 
flow based on mode of play: single player gameplay vs. co-
operative gameplay. 
BACKGROUND 
Originally conceived by Csikszentmihalyi [3], flow is a 
holistic sensation experienced by people when deeply 
involved in any given task. Concentrating deeply on the 
task at hand, people experiencing flow tend to forget the 
world around them, provided their skills match the present 
challenge [3]. If the challenge is too great, the person will 
experience anxiety, and if too easy he/she will experience 
boredom [3]. 
Eight elements may be present during flow [3]. 
 Confronting tasks that we have a chance of 
completing 
 Concentration 
 Concentration is possible because the task has 
clear goals 
 Task provides immediate feedback 
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 A deep effortless involvement removes from 
awareness the worries and frustrations of everyday 
life 
 Enjoyable experiences allow one to exercise a 
sense of control over one's actions 
 Concern for self disappears yet paradoxically the 
sense of self emerges stronger after the flow 
experience is over 
 Sense of time is altered 
Since it’s conception, numerous studies have examined 
flow, manipulating it’s various components [12, 14, 15], 
adapting it to better reflect video games [20], through 
measurement [1, 9, 10, 17] and general exploration [19, 23]. 
As mentioned previously, social gameplay, both co-
operative and competitive, is often conducive to social 
interaction [2, 4, 16] and has been found to promote 
feelings of social presence, engagement and fun [13]. 
However, due to the interactive nature of social gameplay, 
flow may diminish as a result [11]. There is evidence to 
suggest that social competitive gameplay may result in 
higher flow [7, 8, 22], but little research has been done to 
determine how co-operative gameplay impacts the flow 
experience. This research will focus exclusively on 
individual and co-operative gameplay (referred to as mode 
of play).  
RQ1. How does mode of play influence Flow and Autotelic 
Experience? 
Autotelic experience refers to the feeling that an activity is 
worth doing in and of itself; it is self-rewarding. Total Flow 
is simply the overall flow experience; the eight elements of 
flow. 
RQ2. How does mode of play influence the eight individual 
elements of flow? 
METHOD 
Using a video game called Droppit, a between-groups 
experiment was designed to determine differences in flow 
during individual and co-operative gameplay. Participants 
were randomly assigned either one of two conditions, single 
player gameplay or co-operative gameplay, both of which 
adhered to the same linear structure. Flow was measured at 
the end of each gameplay session. 
Participants 
Fifty participants aged 18 years or older were selected for 
their general interest in video games and/or were studying 
at university. All co-operative gameplay participants knew 
each other before participating in the experiment. The 
average age of participants was 30 years old (SD = 11.63). 
Gender was split evenly with 50% male and 50% female. 
Participants played video games an average of 15 hours per 
week (range 1--45 hours, SD = 12.61). Fifty-two percent of 
participants played single player gameplay while 48% 
played co-operatively. 
Experiment Sequence 
The experiment was broken into a linear sequence of tasks. 
Regardless of condition, participants performed the same 
series of tasks. 
Task 1 – Demographic Survey 
Task 2 – Gameplay (Single Player or Co-operative) 
Task 3 – LONG Flow State Scale (FFS-2) – General 
Demographic Survey 
To begin the experiment, participants were asked to 
complete a demographic survey, detailing their age, gender 
and average number of hours spent playing video games per 
week. 
Gameplay (Single Player or Co-operative) 
Depending on their assigned condition, participants either 
played Droppit individually or with another participant for 
25 minutes or until they completed the game. There were 
seven levels featured in the game. Two participants within 
the single player gameplay condition and three pairs within 
the co-operative gameplay condition completed the game 
within 25 minutes. The shortest play time was 17 minutes. 
Droppit was developed for PC, by the principle researcher 
in 2013. The game is played by solving physics puzzles in a 
standard platform game environment. The player controls 
the protagonist, Quinton, who is able to navigate the world 
by running and jumping. 
 
Figure 1 The player uses shapes to reach the goal in Droppit. 
The primary objective of Droppit is to guide Quinton to the 
goal in order to complete the level. The player must drop 
shapes (planks, squares and circles) and special shapes 
(velcro) to build paths and structures, enabling Quinton to 
reach the goal (see Figure 1). Solving each puzzle with the 
least amount of shapes earns the player a high score. These 
scores are translated to a ranking of one to three stars for 
each level, ultimately unlocking more levels for Quinton to 
explore. 
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Droppit features two primary game mechanics: controlling 
the player character and dragging and dropping shapes. The 
player character is controlled using the W, S, A, D keys or 
arrow keys on the keyboard, while shapes are selected using 
the mouse. Additionally, the player character can jump 
using the space bar. 
The player can select a variety of shapes from the shape 
selector in the top right screen including planks, circles and 
squares. Once selected, the shape will appear towards the 
top screen, where the player can drag the shape from left to 
right by holding down the left mouse button. To drop the 
shape, the player simply releases the mouse, dropping the 
shape towards the ground. The number of shapes available 
varies from level to level. In certain levels, velcro shapes 
are provided, allowing the player to stick shapes together 
(See Figure 2). This enables the building of higher 
structures, as shapes are no longer at risk of falling. 
 
Figure 2 The player uses velcro shapes to build higher 
structures. 
Single player gameplay participants used both the mouse 
and keyboard to control Quinton and select shapes. To play 
Droppit co-operatively, one participant was assigned the 
keyboard while the other used the mouse. To ensure all 
participants were given the best chance to enter flow in the 
co-operative gameplay condition, they were asked to swap 
roles throughout the session. Game mechanics did not differ 
in any way between the two conditions, as the game was 
initially designed as a single player experience. Droppit 
underwent rigorous playtesting to ensure the game was not 
too difficult for single players. Both modes of play were 
pilot tested to create conditions of equivalent difficulty. 
LONG Flow State Scale (FFS-2) – General 
The Flow State Scale features nine subscales, including 
Challenge-Skill Balance, Merging of Action and 
Awareness, Clear Goals, Unambiguous Feedback, 
Concentration on the Task at Hand, Sense of Control, Loss 
of Self-Consciousness, Transformation of Time and 
Autotelic Experience, all of which contain four items in a 
36 item survey [10]. All subscales were adapted from the 
eight elements of flow, except Autotelic Experience, which 
was added as an additional affective state by the scale 
authors. In addition to the nine subscales the Flow State 
Scale provides a Total Flow score. The Total Flow score is 
obtained by adding up all the subscales final scores. The 
Flow State Scale uses a 5-point Likert scale (1 = strongly 
disagree, 5 = strongly agree) [10]. 
The experiment took place in a computer laboratory, with 
all computers partitioned by a divider wall. Three 
computers were used throughout the duration of the study. 
Co-operative participants completed the demographic 
survey and Flow State Scale on separate computers. All 
participants, regardless of condition, switched computers to 
play Droppit either individually or co-operatively. 
RESULTS 
A series of Mann-Whitney U tests were run to determine if 
there were differences in Total Flow (the combined score 
for all subscales) and the nine individual subscales between 
single player gameplay and co-operative gameplay 
participants. Mann-Whitney U tests were used as 
assumptions of normality for MANOVA were not satisfied. 
To identify outliers, subscale total scores were converted to 
z-scores, none of which were over +/-3.29 [5]. No outliers 
were identified or removed. 
The Total Flow score was statistically significantly higher 
in co-operative gameplay (Mdn = 36.75) than in single 
player gameplay (Mdn = 32.75), U = 420, z = 2.098, p = 
.036, r = .29. 
The Autotelic Experience score was statistically 
significantly higher in co-operative gameplay (Mdn = 4.13) 
than in single player gameplay (Mdn = 4), U = 414.5, z = 
2.009, p = .045, r = .28. 
The Challenge-Skill Balance score was statistically 
significantly higher in co-operative gameplay (Mdn = 4.25) 
than in single player gameplay (Mdn = 3.5), U = 476, z = 
3.203, p = .001, r = .45. 
The Unambiguous Feedback score was statistically 
significantly higher in co-operative gameplay (Mdn = 4.25) 
than in single player gameplay (Mdn = 4), U = 439.5, z = 
2.498, p = .012, r = .35. 
The Transformation of Time score was statistically 
significantly higher in co-operative gameplay (Mdn = 4) 
than in single player gameplay (Mdn = 3.63), U = 413.5, z = 
1.993, p = .046, r = .28. 
No significant differences were found between single 
player gameplay and co-operative gameplay participants in 
Merging of Action and Awareness, Clear Goals, 
Concentration on the Task at Hand, Sense of Control and 
Loss of Self-Consciousness scores. 
DISCUSSION 
RQ1. How does mode of play influence Total Flow and 
Autotelic Experience? 
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Total Flow - The findings demonstrate that co-operative 
gameplay may result in greater flow than single player 
gameplay. While the current research focused on co-
operative gameplay, previous research either focused on 
competitive gameplay [7, 8, 22] or did not distinguish 
between co-operative and competitive gameplay [11]. It 
could be that co-operative gameplay in this context leads to 
increased flow. This may be due to the collaborative nature 
of social interaction, leading to greater involvement. 
Informal observations during gameplay sessions support 
this conclusion, as players were involved in in-game 
discussions that focused on solving the problems presented.  
Alternatively, the differing results may be a function of the 
game genre. Droppit is a puzzle game that requires critical 
thinking and problem solving to produce workable 
solutions. Co-operative gameplay is an ideal setting for 
such activities to transpire. Therefore, the game genre may 
have impacted the study results. In contrast, overall flow 
may vary in co-operative and single player modes in games 
where individual achievement is core to the player 
experience (e.g., competitive FPS games). 
Autotelic Experience – The results show that co-operative 
gameplay participants experienced greater positive affect 
(Autotelic Experience) than single player gameplay 
participants. This indicates that co-operative gameplay 
participants experienced more enjoyment and reward 
playing Droppit than single player gameplay participants. 
This finding may relate to greater feelings of Challenge-
Skill Balance (see below) among co-operative players. 
When players perceive a match between challenge and 
skill, greater feelings of reward, achievement and 
enjoyment are experienced. Working together with a friend 
to produce results may increase the sense of fun. 
RQ2. How does mode of play influence the eight elements 
of flow? 
The findings demonstrate that there were significant 
differences in three of the eight elements of flow between 
single player and co-operative gameplay participants. Co-
operative gameplay participants had increased feelings of 
Challenge-Skill Balance, Unambiguous Feedback and 
Transformation of Time. 
Challenge-Skill Balance – Droppit is a puzzle game, and 
puzzle games by definition, impede player progress until a 
solution is found. The results suggest, at least for Droppit, 
the balance between the challenge of the puzzles presented 
and the perceived skill of the players was matched best 
when playing co-operatively. Co-operative players felt 
better able to meet the challenges of the game while 
participants playing on their own did not feel their skills 
were as well matched to the challenges presented. This 
suggests that having two people working on the puzzles 
made them easier to solve. The presence of a partner may 
have also made players more confident in their choices. 
Based on mutual encouragement, co-operative players may 
have been more willing to try out ideas, thereby enhancing 
feelings of skilled action. 
Unambiguous Feedback – The results show that single 
player gameplay participants found feedback to be more 
ambiguous than co-operative gameplay participants. Given 
the same feedback was presented in both conditions, this 
result suggests the ability to communicate with others may 
have led co-operative gameplay participants to better 
interpret the feedback being presented by the game. It may 
also be that co-operative gameplay participants felt more 
confident in how well they were doing (e.g., discussing 
approaches to each puzzle, shared expressions of confusion 
or uncertainty). They may have also engaged in producing a 
wider range of shape combinations (based on the theory 
that two heads are better than one), thereby gaining a 
greater sense  feedback due to being provided with more 
information on how structures might be created. 
Transformation of Time – The results suggest that time 
seemed to pass more quickly for co-operative gameplay 
participants. This may be related to the Autotelic 
Experience findings, in that time seems to pass more 
quickly during fun and exciting experiences [6]. 
This may also relate to the Challenge-Skill Balance result. 
There may have been the sense that time moved more 
slowly in the single player condition if the player struggled 
to find a solution (i.e. didn’t have the skill to address the 
challenge). The feeling of being “stuck” might result in a 
lack of involvement, and subsequently time may not have 
felt as though it was passing as quickly.  
Overall, the pattern of results suggests that co-operative 
gameplay participants experienced greater flow due to 
increased feelings of Challenge-Skill Balance, a greater 
sense of how well they were progressing and increased 
feelings of time transformation. This provides initial 
evidence of pathways that may lead to greater flow during 
social co-operative gameplay. 
Limitations and Future Research 
The current study’s findings are limited to one game and 
one game genre. Future research should involve a range of 
games from different game genres in different modes of 
play. Future work should also explore how player 
performance may influence the results. Additionally, 
qualitative data is likely to provide further insight into the 
mechanisms contributing to flow in different modes of play. 
CONCLUSION 
This study aimed to determine differences in flow based on 
mode of play: single player gameplay vs. co-operative 
gameplay. Co-operative gameplay was found to produce a 
greater autotelic experience, and greater flow than single 
player gameplay. This greater flow experience was the 
result of increased feelings of Challenge-Skill Balance, 
Unambiguous Feedback and Transformation of Time. 
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